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SAN DIEGO RIVER WATERSHED 
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Lower San Diego River 

• Bacteria* 
• Nutrients  
• Dissolved Oxygen 
• Total Dissolved Solids (TDS) 
• Selenium 
• Manganese 
• Toxicity 
• pH 

Upper San  
Diego River 

• Nutrients 
• Toxicity 
• Chloride 
• Color 
• Sulfates 
• Manganese 
• Benthic Effects 
• pH 

• ~180 sq. mi. study area 
• Metropolitan San Diego Area 
• Watershed Population (540,000) 
• Large Homeless Population 
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20 BEACHES AND CREEKS TMDL  
FOR INDICATOR BACTERIA 
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• Bacteria TMDL 
• Wet Weather and Dry Weather  
• TMDL Developed  2002, like SMB  
• Compliance year 1993 (90th pctl) 

• Compliance Metrics 
• No guidance on compliance metrics (assumed to be AED, like Los Angeles/SMB TMDLs) 
• Subsequent (post-submittal) staff-level direction was AEF 
• Subesquent direction included (with 2013 MS4 Permit) Load Reduction alternative 

• Project Schedule (very aggressive) 
• Kickoff June 2011 
• Priorities established; Structural BMPs  

identified; Baseline Loads; EMCs modified  
Nov 2011 

• Preliminary CLRP iteration Dec 2011 
• Draft Monsitoring Plan Feb 2012 
• 2nd complete CLRP iteration Mar 2012 
• Final iteration/Agency Draft May 2012 
• Final Agency Draft June 2012 (1 year) 
• Submittals to RWQCB October 2012 
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COMPREHENSIVE LOAD REDUCTION PLANNING 
(CLRP) OVERVIEW 
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OBJECTIVES:  
• Provide a decision support tool and roadmap for BMP/CIP 

planning 
• Model watersheds to estimate/predict pollutant loads,  

targets, and benefits 
• Incorporate agency-specific preferences; even if divergent 

within watershed 
• Model implementation activities  

to assess compliance &  
costs;  

• Understand areas of variability  
and uncertainty 
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CLRP APPROACH OVERVIEW 
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• CLRP is “comprehensive” in that it addresses nitrogen and 
phosphorous in addition to FIB; 

• Process includes opportunities for input in prioritization, 
opportunity development, and levels of implementation; 

• Quantitative analysis allows for updating with new and/or 
site specific data; 

• CLRP presents a suite of BMPs, both non-structural and 
structural (SBPAT); 

• Plan allows for phased implementation over 18.5 year 
timeframe; and 
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CONSIDERING POTENTIAL BMPS 
(NONSTRUCTURAL) 

Microbial Source 
Tracking Efforts; 

MST (w/ observations) 

Subsequent 
Iterations 
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PRIORITY POTENTIAL BMP STRATEGIES 
(NONSTRUCTURAL) 

Non-Structural BMP Types 

Identification and control of sewage discharge to MS4 

Homelessness Waste Management Program                                                                                                                            

Onsite Wastewater Treatment System Source Reduction                            

Irrigation Runoff Reduction & Good Landscaping Practices 

Commercial/Industrial Good Housekeeping 

Residential/Small-Scale  LID Incentive Program 

Pet Waste Program 

Animal Facilities Management 

Street and Median Sweeping 

MS4 Cleaning 

Redevelopment and LID Implementation 

http://www.google.com/url?sa=i&rct=j&q=pet+waste&source=images&cd=&cad=rja&docid=FiZ2csjiErG7BM&tbnid=vJ88v1ZpHQ7KRM:&ved=0CAUQjRw&url=http://www.belson.com/pwds2.htm&ei=C_AoUu-1JIP_igLP8YHgCg&bvm=bv.51773540,d.cGE&psig=AFQjCNEFZ3yIudrDmZYfR3SXbp1PRPE8Mw&ust=1378500952958577
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NONSTRUCTURAL BMP QUANTIFICATION  
(PET WASTE EXAMPLE) 

Baseline MS4 pollutant load 
Calculated using water quality model (SBPAT, or similar) 
Or direct loading estimate (e.g,. Tons of sediment) 

Percent of baseline 
load from targeted 

source 

Pollutant load targeted by BMP 
Examples include: 

• Human 
• Residential Runoff 

Percent 
effectiveness 

of BMP 

BMP Pollutant Load 
Reduction Benefit 

Based on data from Southern CA 
source identification studies 

Based on data from the city of San 
Diego and the City of Austin 

San Diego River MS4  
Baseline pollutant load 

11,000 to 13,000 x 10^12 MPN per year  
5-15% of baseline 
load from canine 

source 

Pollutant load targeted by  
Pet Waste Program 

550 to 1,950 x 10^12 MPN 
 

9-37% 
effectiveness 

of BMP 

0.5 to 5% of MS4 
load 

San Diego River Pet Waste Program 
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NONSTRUCTURAL BMP QUANTIFICATION  
(PET WASTE EXAMPLE) 
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Structural BMP Types 

Inf
iltr

ati
on

 Infiltration Basins, Trenches and Galleries                   

Bioretention                                                                                                                            

Dry Wells or Hybrid Bioretention/Dry Wells                             

Permeable Pavements 

Capture and Use 
Rainwater Harvesting 

Na
tur

al 
Tr

ea
tm

en
t o

r F
iltr

ati
on

 Constructed Wetland/Wetpond 

Subsurface Flow Wetlands 

Creek Enhancement 

Biofiltration with or without Underdrain 

Trash Separators 

Planter Boxes 

Green Streets 

POTENTIAL BMP STRATEGIES (STRUCTURAL) 
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BASIS FOR SELECTING MODELING TOOLS 
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Modeling tool needs to: 
• Allow for accelerated development of draft solutions; 
• Be appropriate for levels of data available  
• Be easy to update with new data (LU EMCs, Effluent Data, Land Uses) 
• Be transparent in both process and analysis;  
• Provide output to support risk-based decisions, acknowledging differing 

compliance risks of individual MS4s; 
• Capture uncertainty and variability; 
• Have a discharger/permittee/implementation-focus; 
• Consider site-specific approaches & estimates 

• One tool among many (i.e. Local MS4 input, BPJ). 
• Models considered: SBPAT, SUSTAIN, SWMM.  
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1.  Identify 
Priority 
Areas 

2. Identify 
Opportunities  

3. Assess 
Candidate 

BMPs  

4. Evaluate 
BMP 

Effectiveness 

NUMERICAL ANALYSES AND 
MODELING STRUCTURAL 
BMPS  

www.sbpat.net 
Original funding by agencies, SWRCB and RWQCB 

14 
14 
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1) Randomly select number of 
storms, Ns, for given year from 

storm distribution 

2) Randomly select Storm Si from 
period of record – look up depth of 

rainfall, BMP hydraulic performance 

Catchment 
definition 

Smallest unit = 
unique land use-
distribute BMP 
combination 

 Mean and st dev  of  # 
storms per year; 
 List of discrete storm 
characteristics from 
continuous simulation 

3) Estimate pollutant 
concentration in Storm Si from 

each land use area by randomly 
sampling from LU EMC 

distributions 

7) Sum bypass and treated flows 
to yield load, volume and 
concentration in Storm Si 

8) Repeat steps 1-7 Ns times; sum 
to yield annual pollutant load 

9) Repeat for many years (20,000 is 
typical) to produce distribution of storm 

concentrations and annual loads 

6) Estimate BMP effluent 
concentration by randomly 
sampling from distributions 

5) Apply percent capture and volume loss 4) Calculate total runoff volume 
and pollutant load for each land 

use; sum to yield watershed 
average concentration for 

storm Si 

SBPAT MONTE CARLO PROCESS 
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AGENCY INPUT/PREFERENCES AT KEY 
MILESTONES IN THE PROCESS 
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• Water Quality Emphasis/Priorities 
• Bacteria, Nutrients, other 
• TMDL, 303(d)-list, level of emphasis 

• BMP Siting Preferences (Land ownership, inter-
jurisdictional issues) 

• Risk Tolerance 
• Financial Constraints 
• Coordination with  

Existing/Current Land Plans 
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MONITORING DATA REVIEW 
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Conducted 
• For model “verification” 
• For potential incorporation of new data 
• To add local rural land use designation and new EMCs 
• With focus on Bacteria and Nutrients (TMDL coming) 
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WATER QUALITY PRIORITIES 
SAN DIEGO RIVER WATERSHED 

18 

 



©Geosyntec Consultants 2013 

REGIONAL BMP EXAMPLES 
SAN DIEGO RIVER 

20 
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REGIONAL 
BMP 
EXAMPLE 
SUMMARY 
OUTPUT 
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DISTRIBUTED BMP EXAMPLES  
(INCLUDES GREEN STREETS) 
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WET AND DRY WEATHER BMP SITING 
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©Geosyntec Consultants 2013 

SCHEMATIC DEMONSTRATION OF INTERIM 
COMPLIANCE 
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Example Target Load Reduction 
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COSTS (PRELIMINARY  
PLANNING OPINIONS-SDR) 
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COSTS (REGIONAL COST BREAKDOWN) 
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Retrofit factor 2.0 to 4.0 
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WATER QUALITY BENEFITS AND UNCERTAINTIES 
SAN DIEGO RIVER WATERSHED (ULTIMATE) 
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BMP CATEGORY FC Load Reduction  (1012 MPN/YEAR) 
1993 WY Load1 [Low-High Range] 

Non-Structural BMPs 2,000 [710 -3,300] 
Regional Structural BMPs 870 [500 -1,000] 
Distributed Structural BMPs 1,400 [780 – 1,600] 
Stream Restoration Projects 110 [25 – 190] 
Subtotal 4,400 [2,000 -6,100] 
Load Reduction Adjustment -500 [-220 to -730] 
Load Reduction Effective Fraction 0.28 [0.23 - 0.34] 
Load Reduction Sum 1,100 [410 -1,800] 
TARGET LOAD REDUCTION 1,750 

Highest 
Variability 
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UNCERTAINTIES WITH CLRP 
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• Hydrology (historical unadjusted rainfall statistics 
available) 

• LU EMCs (statistical distributions, continuously augmented) 
• BMP Performance (statistical distributions, continuously 

augmented) 
• Non-structural BMPs effectiveness  
• Interactions between non-structural and structural BMPs  
• Impacts of non-permitted (non responsible parties) in 

watershed 
• Compliance monitoring variability (STV vs. SSM/GM) 
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LESSONS LEARNED  
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• Pick modeling methods that can accept new data, and that 
improves as a result. 

• Include responsible parties in each step. 
• Have schedule that allows for changes and new data. 
• Agree upon decision framework (meet regularly and build 

on previous meeting). 
• Do not depend too heavily on any model, pick an 

appropriate model for analyses, and understand areas of 
uncertainty.  
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NEXT STEPS 
• Water Quality Improvement 

Plans (WQIP) – 2013 MS4 Permit 
• Preliminary Structural  BMP 

Designs 
• Non-structural BMP 

Implementation 
• Microbial Source Tracking and 

Human Marker Monitoring  
• Reevaluate TMDLs/Models 
• ACHIEVE COMPLIANCE! 
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• Updated BMP 
Preferences 

• Expanded Study Areas 
• All Impairments 

Addressed 
• More Active Stakeholder 

Process 
• Consultation Panels 
• Reevaluation of Targets 

(e.g., WY) 
• Nonstructural BMP re-

quantification 
• Integration with other 

Models (LSPC) 
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NEXT STEPS (WQIP MODELING) 
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For San Diego River WQIP Modeling, a paired modeling analysis just 
initiated: 
• LSPC to establish updated target load reductions for MS4 areas in entire 

watershed (SD Permit includes LSPC modeled load reductions). 
• Check/Compare load estimates  

(SDR) 
• SBPAT to  

• Establish/confirm water quality  
priorities (with monitoring data) 

• Refine/adjust implementation 
activities for expanded areas  
and for all 303(d) listed impairments; 

• Quantify load reductions and benefits 
• LSPC or SBPAT or other method to reevaluate in-stream and/or large-

scale regional BMP performance  

Baseline 
Loads (FC) 

LSPC (WY 
2003) SBPAT (WY 2003) 

25th Pctl 1x1015 MPN 

Average ~2x1015 
MPN (avg) 

2x1015 MPN (50th pctl) 
3x1015 MPN (avg.) 

75th Pctl. 4x1015 MPN 
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Subtract NS BMP 
load reductions 

Ouput: Load reduction targets 

Output: feasibility, load reductions, cost estimates 

Set additional targets 
using SBPAT or 
monitoring data 

 

Evaluate existing 
and planned BMPs 

in SBPAT* 

Set targets using 
LSPC 

Establish priority 
subwatersheds (using 

SBPAT) 

Site and evaluate 
additional regional BMPs 

in SBPAT 

Output:  feasibility, load reductions, cost estimates 

Assess if 
targets met 

Targets met 

Model cross-
check (costs, load 

reductions) 

Opportunity for agency 
involvement in setting priorities 

and preferences 

Incorporates receiving 
water data/processes 

Site-level 
implementability 

assessment 

Compliance 
Demonstrated 

SDR WQIP Draft 
Modeling Approach 

Confirm 
Structural/NS 
accounting 
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THANK YOU! 

Ken Susilo, PE, D.WRE, CPSWQ 
ksusilo@geosyntec.com 
310-946-9009 
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